Background: The accessibility for total joint arthroplasty often comes up against long wait lists, and may lead to deleterious effects for the awaiting patients. This pilot single blind randomized controlled trial aims to evaluate the impact of a telerehabilitation prehabilitation program before a hip or knee arthroplasty compared to in-person prehabilitation or to usual wait for surgery. Methods/design: Thirty-six patients on a wait list for a total hip or knee arthroplasty will be recruited and randomly assigned to one of three groups. The in-person prehabilitation group (n ¼ 12) will receive a 12-week rehabilitation program (2 sessions/week) including education, exercises of the lower limb and cardiovascular training. Patients in the tele-prehabilitation group (n ¼ 12) will receive the same intervention using a telecommunication software. The control group (n ¼ 12) will be provided with the hospital's usual documentation before surgery. The Lower Extremity Functional Scale (LEFS) will be the primary outcome measure taken at baseline and at 12 weeks. Secondary measures will include selfreported function and quality of life as well as performance tests. A mixed-model, 2-way repeatedmeasure ANOVA will be used to analyse the effects of the rehabilitation programs. Discussion: This pilot study is the first to evaluate the feasibility and the impact of a telerehabilitation prehabilitation program for patients awaiting a total joint arthroplasty. The results of this pilot-RCT will set the foundations for further research in the fields of rehabilitation and tele-medicine for patients suffering from lower limb osteoarthritis. Trial registration: ClinicalTrials.gov: NCT02636751.
Introduction
Osteoarthritis (OA) is a very common disorder that affects 1 in 8 Canadians among which more than half of the population over 65 years of age [1, 2] . Future estimations indicate that the incidence of OA will increase by at least 26% over the next 30 years in Canada because of inactivity, obesity and aging [2] . Hip and knee are the joints most affected by OA, incuring important disability [3] . Lower limb OA is initially treated conservatively with therapeutic interventions such as physical activity modification, exercise, weight control, and medication [4, 5] . Surgical interventions such as total joint arthroplasty (TJA) have been proven a treatment of choice for the most severe cases. However, the accessibility to such surgeries often come up against long wait lists, and prolonged wait times may lead to deleterious effects on the health status and quality of life of the awaiting patients [6] .
Prehabilitation refers to education and exercising before a surgery. Attention to prehabilitation has increased in the last decade and a growing body of evidence suggests that it could have a positive effect on postoperative outcomes and may reduce disabilities before and after surgery for a number of conditions [7e9] . In the context of prehabilitation for TJA, trials have already shown that a rehabilitation exercise program before a TJA could lead to a shorter hospitalisation length of stay [10] , in addition to increased muscle strength [11, 12] and range of motion following a total hip or knee arthroplasty [11, 13] .
As the aging population and the constant increase in chronic diseases keep pressuring healthcare systems worldwide [14] , lack of resources tends to lengthen wait time for surgery like TJA. Policymakers have therefore been searching for a care optimisation strategy to improve healthcare accessibility.
Among the solutions stands the use of technology to help improve accessibility to rehabilitation services. Telerehabilitation has gained increased recognition and is defined as the provision of rehabilitation services at a distance, using information and communication technologies [15] [16] , while Anton et al. demonstrated that a Kinect™-based system can be an adjuvant to physiotherapy after a total hip replacement [22, 23] . Such programs can optimise the delivery of care in community rehabilitation, especially by increasing the number of patients seen in a single day, by reducing health care costs and travel time, and by providing access to medical care otherwise unavailable in rural or remote areas [24] . However, no study, to our knowledge, analysed the outcome of telerehabilitation prior to a total joint replacement.
This pilot single blind randomized controlled trial therefore aims to evaluate the feasibility and impact on pain and disability of a telerehabilitation prehabilitation program for patients awaiting a total joint (hip or knee) arthroplasty compared to in-person prehabilitation or usual care. Our hypothesis is that a 12-week inperson or telerehabilitation prehabilitation program will significantly increase functional mobility and quality of life before the surgery, for the subjects in the experimental groups as compared to those in the control group.
Material and methods

Study design
Patients will be randomly assigned to one of three groups. The in-person prehabilitation group will receive a 12-week rehabilitation program including education, cardiovascular training using low-impact activities, as well as range of motion, strengthening and proprioceptive exercises of the lower limb, in addition to walking aid adjustment. General information about pain control, such as ice application and medication usage will also be provided. Patients in the tele-prehabilitation group will receive the same exercise program and advice through an Internet-based telecommunication software. The control group will be provided with the hospital's usual documentation before total joint arthroplasties, consisting of information regarding the pre-and post-surgery course and medication. The exercise components of the prehabilitation program are those commonly used with patients suffering from lower limb osteoarthritis or after TJA. The particularity lies in the timeframe when they will be held, i.e. the pre-operative phase of a TJA. All the prehabilitation sessions will we provided by licensed physiotherapists, members of the Ordre professionnel de la physioth erapie du Qu ebec.
For all participants, evaluations will be performed at the inclusion in the study (baseline) and after the completion of the 12-week rehabilitation program. The study will be approved by the Center int egr e universitaire de sant e et de services sociaux de l'Est de l'île de Montr eal, site Maisonneuve-Rosemont (HMR) ethic committee and all study participants will sign an informed consent form. The study protocol will also be published on the https://clinicaltrials.gov website.
Participants
Thirty-six (36) patients on a wait list for a total arthroplasty of hip (18) or knee (18) at the Center int egr e universitaire de sant e et de services sociaux de l'est de l'île de Montr eal, site MaisonneuveRosemont (HMR) and site Santa-Cabrini will be recruited. Maisonneuve-Rosemont is a tertiary care hospital with an orthopaedic department while Santa-Cabrini is a community hospital. Participants will need to fulfill the following eligibility criteria: 1-Age greater than 18 years; 2-Waiting for a TKA or a THA; 3-Suffering from severe OA of hip or knee; 4-Quebec resident covered by the R egie de l'assurance maladie du Qu ebec (Quebec public healthcare insurance); 5-Speaks French; 6-Has access to a highspeed internet connection. The following exclusion criteria will be used: 1-Suffering from inflammatory arthritis; 2-Scheduled for a bilateral surgery; 3-Has had a lower limb surgery in the past 6 months; 4-Scheduled for a revision of a previous TKA or THA; 5-Planned for a wide acetabular head hip prosthesis or a hip articular resurfacing; 6-Receiving compensation from the Quebec Workers' Compensation Board (Commission des normes, de l' equit e, de la sant e et de la s ecurit e du travail); 7-Suffering from a severe psychiatric, neurologic or cardiac disorder, or other types of disorders that could interfere with the rehabilitation program.
Patients will be identified by the treating surgeons or by a research professional once patients are scheduled for surgery. Patients will be contacted by a research assistant by phone to receive further information about the trial and perform a preliminary screening. After obtaining preliminary consent, participants will be given an appointment at the Maisonneuve-Rosemont Research Center in order to validate their eligibility and a baseline evaluation and formal written consent will be sought. In case of refusal, sociodemographic data, such as age, sex and reason for refusal will be collected for further selection bias analysis.
Patients will then be randomly assigned to the control group or to one of the two experimental groups. An independent research assistant will open the sealed opaque randomization envelope indicating the participant's assignment to a group. A random number generator will be used to establish randomization lists prior to the initiation of the study. A member of the research team, not involved with data collection, will generate the randomization list. Blocked randomization of 6 will be used to make sure that three equal groups of 12 subjects participants are obtained.
Participant evaluation
Evaluations will take place at two points in time: at baseline and at the end of the 12 week intervention (or 12 weeks after baseline for the control group). During the baseline evaluation at the Maisonneuve-Rosemont Research Center, eligible participants will complete a questionnaire covering sociodemographic status, comorbidities, and medication usage. Patients will be asked to fill in four Canadian French validated self-reported questionnaires: the Lower Extremity Functional Scale, the Western Ontario and McMaster Universities Osteoarthritis Index, the Short Form Health Survey and a Global Rating of Change Scale. An online version of the questionnaires using the Survey Monkey ® platform or a paper version will be provided to the participants. Three physical functional performance measures will also be collected: the self-paced walk (SPW), the timed up-and-go (TUG) and timed stair tests (ST). These tests are oriented toward activities of daily living and have been validated with a geriatric population [25e29]. They are reliable, reproducible, and responsive to change [30] . They also have widely been used for measuring the outcomes of patients undergoing a TJA [31] . They will be administered according to the preestablished standardized procedures. Finally, a logbook will be given to the participants. They will be asked to record the exercises executed at home, including the number of series and repetitions, in addition to the medication intake. This logbook will allow a monitoring of the adherence rate to the programs and the medication intake. The advent of any adverse effects will be noted by the treating physical therapist during the intervention. At the 12-week follow-up session (i.e. end of the intervention), participants will be reassessed by a blind physiotherapist using the same evaluation tools as at baseline, adding a global rating of change scale. A satisfaction questionnaire about the telecommunication softwares experience will be filled by participants and therapists in the telerehabilitation group.
Outcome measures (dependent variables)
The Lower Extremity Functional Scale (LEFS) will be the primary outcome measure. It is a 20-item questionnaire [32] that has been shown to be highly reliable, correlates with other constructs, and is an independent predictor of patient and physician assessment of change [33] . The LEFS has outperformed other questionnaires in distinguishing between pain and function in patients following a hip or knee TJA [33] . Each item is rated on a five-point scale (0 ¼ extreme difficulty or unable to perform activity, 4 ¼ no difficulty); total scores range from 0 to 80, and lower scores represent greater difficulty. It has been shown to be highly reliable, correlates with other constructs, and is an independent predictor of patient and physician assessment of change in patients following total hip or knee arthroplasty [34] . The minimal clinically important difference of the LEFS for this population has been found to be a change of at least 9 points [32] . This questionnaire has been validated in a French-Canadian version [35] .
The Western Ontario and McMaster Universities Arthritis Index (WOMAC) will be used to assess functional mobility. This selfadministered questionnaire has been widely used to evaluate the effects of interventions after a TKA or a THA [36e40]. It consists of 24 items divided into 3 subscales: pain (5 items), stiffness (2 items) and physical function (17 items). Each item is scored on a five-point scale according to difficulty experienced (0 ¼ none and 4 ¼ extremely difficult [41] . Total score ranges from 0 to 96 with a minimal clinically important difference (MCID) established at À11.8 for hip OA and À14.8 for knee OA [42] . The reliability (Cronbach's alpha varying from 0.86 to 0.90; intra-class correlation coefficient varying from 0.70 to 0.90), convergent construct validity and responsiveness (Standardized Response Mean varying from 0.63 to 2.00) of the WOMAC scale have been found to be very good [39,43e48] and this scale has been used extensively for patients suffering from knee osteoarthritis or undergoing knee arthroplasty [40, 41] . Furthermore, this questionnaire has been validated in a French-Canadian version [41] .
The Short Form (36) Health Survey (SF-36) is a self-administered generic health status measure questionnaire. It calculates 8 multiitem scales (physical functioning, role physical, bodily pain, general health, vitality, social functioning, role emotional, and mental health) and 2 summary scales, the physical component summary (PCS) and the mental component summary (MCS). The use of the SF-36 has been extensive in populations suffering from osteoarthritis [49] and in particular in patients undergoing total joint arthroplasty [45,47,50e57] . The reliability and validity of this selfadministered questionnaire have been well established (concomitant construct validity has been demonstrated to be good [25] ; testretest reliability: ICC ¼ 0.88e0.92 [25] ; responsiveness: SMR varying from 1 to 1.1 [58, 59] . Total score of each scale ranges from 0 (poor health) to 100 (perfect health) [53, 56] . The MCID of SF-36 is established at 12% of baseline score or 6% of maximal score for rehabilitation studies [36] . A French-Canadian version exists as well as normative data according to age and gender for the Canadian population [60] .
The Global Rating of Change scale (GRC) is designed to quantify a patient's perceived improvement or deterioration over time. Using an 11-point GRC scale, ranging from À5 (a great deal worse) to 0 (about the same) to þ5 (a great deal better), participants will be asked to answer the following question: "Overall, has there been any change in your condition since the initial evaluation done at the beginning of your rehabilitation program? Please indicate if there has been any change in your condition by choosing one of the following options" [61] . The validity, reliability (ICC ¼ 0.90) and responsiveness of GRC scales have been established [62] .
The Timed Up and Go (TUG) is a test that assesses mobility, balance, walking ability, and fall risk in older adults. The patient sits in a chair with his/her back against the chair back. On the command "go", the patient rises from the chair, walks 3 m at a comfortable and safe pace, turns, walks back to the chair and sits down. Timing begins at the instruction "go" and stops when the patient is seated. Time in seconds is the outcome of the test [63] . Minimal level of detectable change is 1.76s with the population suffering from osteoarthritis [30] .
For the StairTest (ST), patients are asked to ascend and descend 8 stairs (step height 18.5 cm) in their usual manner, at a safe and comfortable pace. Use of a gait aide and/or of the handrail is allowed as needed [30] . Time in seconds is the outcome of the test. The minimal clinically important difference of the stair test for this population has been found to be a change of at least 3.88 s or 0.07 m/s [30] .
For the Self-Paced Walk test, patients are required to walk two lengths of a 20 m indoor course in response to the instructions ''walk as quickly as you can without overexerting yourself.'' Usual gait aides are allowed as needed. The minimal clinically important difference of the self-paced walk test for this population has been found to be a change of at least 2.86 s or 0.07 m/s [30] .
Independent variables
Age, height, weight, social status (married, single, widowed), employment situation, education level will be collected. The number of comorbidities will be documented using the Charlson Index validated questionnaire [25] . The score of the Charlson Index will be calculated from data found in the subjects' medical files. Data regarding the use of a walking aid before surgery (cane or walker) will be collected.
Intervention
Physical therapy interventions will be given to participants of the in-person prehabilitation and tele-prehabilitation groups at Maisonneuve-Rosemont Research Center according to a preestablished protocol, allowing a tailored prescription of exercises according to patient pain, strength and tolerance to activity.
Patients in the experimental groups will take part in a 12-week long program including strengthening of the hip and knee muscles, range of motion of the hip and knee as well as proprioceptive exercises, in addition to low-impact cardiovascular warm-up, education regarding medication usage and ice or heat application. After an initial evaluation visit at the research center, they will receive 2 supervised physiotherapy sessions per week and will be asked to repeat the same exercise program the other weekdays without supervision. Since exercise programs used in previous prehabilitation studies are heterogeneous, the prehabilitation protocol used in this trial will be based on the Osteoarthritis Research Society International (OARSI) recommendations for the management of hip and knee osteoarthritis and on programs detailed in previous prehabilitation intervention studies [4,7,8,10e13,64] . For warm-up, participants will be asked to pedal for 15 min before beginning the exercise program. Strengthening exercises will be classified according to difficulty and muscles group solicited, from the easiest to the hardest. To avoid a workload bias, the total number of tasks executed for each physiotherapy session will be the same for all the participants. One intervention per targeted muscle group will be performed at each physiotherapy session. Patients will be asked to do 10 repetitions of the first exercise of each category twice. Resting time between series will be of 1 min. If the patient is unable to complete the task for the category, the number of repetitions will be noted and this task will be retried at the next physiotherapy session. In the case of the patient being able to complete the task, two more repetitions will be asked at the end of the last series. If the participant is able to perform 22 repetitions in total, without important pain and in a complete range of motion, the participant will progress to a more difficult exercise at the next physiotherapy session. In addition to the targeted strengthening exercises, 2 functional global exercises, squat and plantar flexion standing, will be executed at every session, if tolerated. The joint mobilisation exercises and proprioceptive exercises will be chosen by the physiotherapist according to the results of the biomechanical and clinical examination performed at the baseline evaluation and at each session. For proprioceptive exercises, participants will be asked to perform the task for 30 s. If he/she is able to complete the task, the participant will progress to another exercise at the next physiotherapy session. The participant's general health condition and tolerance to activity will be monitored at every physiotherapy session. Although unlikely, if pain significantly increases during the trial, participants will be met in person to further assess their condition and adjust the treatment.
Patients in the in-person prehabilitation group (N ¼ 12) will attend physiotherapy sessions at Maisonneuve-Rosemont research center, while patients in the tele-prehabilitation group (N ¼ 12) will perform the exercise protocol at home. For the tele-prehabilitation group, only the first session will be in person and the supervision of the home-based program will be provided by a physiotherapist through various telecommunication softwares. The REACTS ® medical consultation platform will be used. It is an affordable new technology from Technologies innovatrices d'imagerie inc, Montreal, Canada. It allows for one-on-one audiovisual interactions between the therapist and the patient on a web platform through high-quality secure audio-video communication, which includes an interactive screen, and file, application and desktop sharing. It requires commonly-used hardware, such as a desktop, laptop, tablet or smartphone. An Internet connection of 500 KBPS is required to allow virtual conversations. It is available in French, English, Spanish and Portuguese on many operating systems: PC windows 7 or higher, iOS for Apple mobile devices and MAC OS on Apple computers. Other generic telecommunication software such as Skype (Microsoft corporation, Redmond, USA) and Facetime (Apple, Cuppertino, USA) will be used to assess their ability to deliver a similar experience to participants. iPads will be used by physiotherapist and participants for the telerehabilitation sessions. Participants who already own an iPad will use it and have the different software installed. In the other case, a preconfigured iPad will be lent to the participants during the trial.
Patients from the control (N ¼ 12) group will receive usual care from Maisonneuve-Rosemont and Santa-Cabrini hospitals, without any prehabilitation. Usual care consists of a single home visit from a community physiotherapist before the surgery. During the visit, the patient is given a booklet containing general information about the surgery, the use of medication and rehabilitation (see Fig. 1 ).
Sample size and analyses
This is a pilot study to assess the feasibility of a multicenter randomized controlled trial comparing a telerehabilitation prehabilitation program for patients awaiting a total joint (hip or knee) arthroplasty compared to in-person prehabilitation or to usual care. The sample size calculation that would be required for a full randomized controlled trial is based on the primary outcome measure, the LEFS. The LEFS has a clinically important difference of 9 points for patients presenting with hip or knee OA. The standard deviation reported in the literature for this population is 16.2 [65] . The considered parameters are 0.05 for type I error (a) with a power of 0.80 (1-b) . For an analysis of variance (ANOVA), the sample size required is 51 subjects per group. This sample size will provide sufficient power to detect a clinically important difference between any of the three groups.
Descriptive statistics (mean, standard deviation, median, frequency counts) will be calculated for all outcome measures at the different measurement times (week 0, 12) to summarise results. Baseline demographic data will be compared (independent Student t-tests and Chi-squared tests) across groups to establish the comparability of covariables. If needed, statistical adjustments will be made for baseline characteristics that are significantly different between groups. All data will be tested to ensure they meet the assumptions for the inferential statistical analyses. If they do not meet the necessary assumptions, appropriate non-parametric procedures will be used. An intention-to-treat analysis will be used in which all participants will be analysed in the group to which they were originally assigned. A mixed-model, 2-way repeated-measure ANOVA (Groups Â Evaluation time point) will be used to analyse the effects of the rehabilitation programs. Separate analyses will be conducted on each of the primary and secondary outcomes and will include a stratification for hip or knee surgeries. If an interaction is detected (p < 0.05), simple effects will be examined. The KolmogorovSmirnov test (p < 0.05) will be conducted on the different scores to ensure normality for all variables with significant main effects. The sphericity of the data will be verified by Mauchly's test. For normally distributed variables with significant main effects, post hoc dependent Student t tests will be conducted and effect sizes (Cohen's d) will be calculated. For any variables that will not be normally distributed, the Wilcoxon signed-rank test and Glass's delta (effect size) will be used for post hoc contrasts. Patients' perceived change following the programs will also be categorised as either success or failure. Success will be defined as a GRC score rated as (þ2) or higher. Patients will be classified as failure if the change on the GRC is (þ1) or at any level below this. The proportions of success/failure will be compared across groups (Chisquared tests).
Discussion
Long wait times can lead to deteriotation in function in patients awaiting a TJA, and prehabilitation offers a low cost and highly feasible solution for optimising the delivery of healthcare for this population. As the application of such programs encounter obstacles from a geographical, material and human resources point of view, finding effective and innovative ways for providing rehabilitation services is a must. Although more attention has been driven toward prehabilitation programs during the last decades, the optimal exercise components still need to be identified. This pilot study is the first to evaluate the feasibility and impact of a telerehabilitation prehabilitation program for patients awaiting a total joint arthroplasty compared to in-person prehabilitation or to usual care. The results of this pilot-RCT will set the foundations for further research in the fields of rehabilitation and telemedicine for patients suffering of OA. It will also contribute to the current evidence on tele-rehabilitation and prehabilitation with this population.
